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Abstract
Wind energy is seen as a viable alternative energy option to meet future energy
demands. The blades of wind turbines have been long recognised as the most
critical component of the wind turbine system. The turbine blades interact with
the wind flow to turn the wind turbine, in effect acting as a tool to extract the
wind energy and turn it into electrical energy.
As the wind industry continues to explore new technologies, the turbine blade
is a key aspect of better wind turbine designs. Harnessing greater wind power
requires larger swept areas. Increasing the length of the turbine blades increases
the swept area of a wind turbine, thereby improving the production of wind energy.
However, longer turbine blades significantly add to the weight of the turbine, and
they also suffer from larger bending deflections due to flapwise loads. The flapwise
bending deflections not only result in a lower performance of electrical power
generation but also increase in material degradation due to high fatigue loads and
can significantly shorten the longevity for the turbine blade.
To overcome this excessive flapwise deflection, it is proposed that shape memory
alloy (SMA) wires be used to return the turbine blade back to its optimal opera-
tional shape. The work presented here details the analytical and experimental
work that was carried out to minimise blade flapping deflection using SMA.
This study proposes a way to overcome the wind blade deflection using shape
memory alloy (SMA) wires. A finite element model has been developed for the
Abstract ii
simulation of the deflection response of a horizontal axis wind turbine blade using
an SMA wire arrangement. The model was developed on the commercial finite
element ABAQUS R©, and focused on design and analysis, to predict the structural
response. Experimental work was carried out to investigate the feasibility of the
model based on a plate-like structure. An Artificial Neural Network (ANN) was
used to predict the performance of the smart wind turbine blades.
From this study, the model of a smart wind turbine, incorporating SMA wires,
was determined to be capable of recovering from large deflections. The coefficient
of performance of the smart wind turbine blade was also determined to be higher
than the coefficient for a conventional turbine blade. The results showed that
by increasing the number of SMA wires, the actuation provided is sufficient to
recover from significant blade deflection resulting in a significant increase in the
lift produced by the blade. It was determined that the coefficient of performance
for turbine blades with SMA wires is 0.45 compared to 0.42 for turbine blades
without SMA. These findings will be a significant achievement in the development
of a smart wind turbine blade.
It is expected that the use of smart wind turbine blades, incorporating SMA in
their design, will not only increase the power output of the wind turbine but also
prolong the lifetime of the turbine blade itself through a reduction of the bending
deflections.
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Notation
α angle of attack, ◦
θ angle of twist, ◦
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σ stress, Pa
Γ vortex strength
WA resultant velocity, ms
−1
r radius of the blade section considered, m
Ω rotational speed of the turbine, rads−1
U0 velocity of the wind at tip, ms
−1
λ tip speed ratio
ρ density of air, kgm−3
Cp coefficient of power
A small portion area of a wind turbine blade
LA lift force, N
V wind velocity,ms−1
at.wt. atomic weight
As austenite start,
◦C
Af austenite finish,
◦C
Notation xxviii
Ms martensite start,
◦C
Mf martensite finish,
◦C
Acfunc. active functional
εym martensite twin strain
εdm martensite detwin strain
εym martensite twin strain
εdm martensite detwin strain
E Young’s Modulus, MPa
Em,t Young’s Modulus twin, MPa
Em,d Young’s Modulus detwin, MPa
Δ percentage difference, %
W width, mm
D depth, mm
H height, mm
NW number of SMA wires
L applied load, N
I applied current, Amp
N line of vortices
d deflection, mm
V voltage, V
w power, W
Pwt power extracted from the wind, kW
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AuCd Aurum Cadmium
AuCu Aurum Copper
BET Blade Element Theory
CAD computer aided design
CAE computer aided engineering
CEEFC Centre of Excellence Engineered in Fibre Composite
CuZn Copper Zinc
EPS expanded polystyrene
EWEA European Wind Energy Association
FEA finite element analysis
GFRP glass fibre-reinforced polymer
GUI graphical user interface
HAWT horizontal axis wind turbine
IGES initial graphics exchange specification
LM Lavenberg-Marquardt
LVDT linear variable differential transformer
MATLAB Matrix Laboratory
MBP multi-back propagation
ML machine learning
Acronyms & Abbreviations xxx
MLP multi-layer perceptron
MSE mean square error
NARX Non-linear autoregressive with Exogenous
NiTi Nickel Titanium
NACA National Advisory Committee for Aeronautics
Nitinol Nickel Titanium Ordnance Laboratory
NREL National Renewable Energy Laboratory
N/A not applicable
PPE personal protective equipment
PVC Polyvinyl Chloride
R correlation coefficient factor
SMA shape memory alloy
SME shape memory effect
SE superelasticity
TSR tip speed ratio
USQ University of Southern Queensland
UPM Universiti Putra Malaysia
UD unidirectional
VAWT vertical axis wind turbine
